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dence that short interpregnancy interval is associated with increased risk of precipitous

pregnancy interval is associated with increased risks of subsequent pre-pregnancy obesity
and gestational diabetes, and decreased risk of preeclampsia. Among women with a previ-
ous caesarean delivery, short interpregnancy interval was associated with increased risk
of uterine rupture in one study. No studies reported outcomes related to maternal de-
pression, interpregnancy weight gain, maternal anaemia, or maternal mortality.

Conclusions: In studies from high-resource settings, short interpregnancy intervals
are associated with both increased and decreased risks of adverse maternal out-
comes. However, most outcomes were evaluated in single studies, and the strength

of evidence supporting associations is low.
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1 | BACKGROUND maternal, perinatal, and infant outcomes.! These recommendations

were primarily informed by a systematic review and meta-analysis
In 2005, the World Health Organization (WHO) recommended that demonstrating that short interpregnancy interval—the time between
women should wait a minimum of 24 months between livebirth and one birth and the start of the subsequent pregnancy—is associated
conception of the next child in order to reduce the risk of adverse with adverse perinatal outcomes in the subsequent pregnancy, such
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as preterm birth and low birthweight.? In terms of maternal health,
the recommendations were based, in part, on a systematic review
that found short interpregnancy interval may increase the risks
of adverse maternal health outcomes such as uterine rupture and
maternal death, while long intervals have been consistently linked
with increased risk of preeclampsia.l® Possible mechanisms through
which short interpregnancy interval may increase risks of adverse
maternal health outcomes include inadequate maternal repletion of
nutritional status following the delivery of a live infant, insufficient
time to lose pregnancy weight post-partum, and incomplete healing
of the uterine incision post-caesarean.*® Both the WHO Technical
Consultation and the systematic review study authors concluded
that more research is needed on the relationship between birth
spacing and maternal mortality and morbidity.

The extent to which the WHO recommendations are relevant
to women in the United States (US) is unclear. The two systematic
reviews on which the recommendations were based included a large
proportion of studies from lower resourced countries, where wom-
en’s nutritional status and access to contraception are not compa-
rable to most US women. Further, the reviews were published over
a decade ago and therefore do not incorporate the findings of re-
search conducted since 2006.

At present, there are no federal recommendations on birth spac-
ing in the United States. In accordance with National Academy of
Medicine (formerly the Institute of Medicine) guideline development
standards,® the purpose of this systematic review was to summarise
the association between short interpregnancy interval and adverse
maternal outcomes in high-resource settings in order to inform
development of recommendations on birth spacing for the United
States. The association between short interpregnancy interval and
adverse perinatal outcomes in high-resource settings is reported

separately in this journal supplement in a companion paper.”

2 | METHODS

This systematic review was conducted using established methodo-
logical standards.®? Figure S1 shows the analytic framework we
constructed outlining the target population and relationships be-
tween interpregnancy intervals and outcomes, as well as our two
key questions examining the link between interpregnancy interval
and perinatal and maternal health outcomes. In this manuscript, we
present findings for key question #2, In postpartum women in the
United States, what is the effect of short interpregnancy intervals (any
interval <24 months) versus a longer interpregnancy interval on short-
term maternal health outcomes: maternal depression, gestational
diabetes, preeclampsia, maternal obesity, interpregnancy weight gain,
labor dystocia, maternal anaemia, and maternal mortality? We based
our protocol on a previous systematic review published in 2007
on the effects of birth spacing on maternal health.® The 2007 re-
view included studies published between 1966 and March 2006 in
PubMed/MEDLINE; between 1980 and March 2006 in EMBASE,
POPLINE, and ECLA; or between 1982 and March 2006 in CINAHL
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and LILACS using a combination of medical subject headings and
keyword terms to identify relevant studies. The 2007 review in-
cluded observational studies of the relationships between birth
or interpregnancy interval and adverse maternal health outcomes
with statistical adjustment for at least maternal age. Health out-
comes in our review were based on those included in the 2007
review and included maternal depression, gestational diabetes,
maternal obesity, interpregnancy weight gain, labour dystocia,
maternal anaemia, preeclampsia and other hypertensive disor-
ders of pregnancy (gestational hypertension, HELLP, eclampsia,
pregnancy-induced hypertension), and maternal mortality.

In contrast to the 2007 review, the updated review includes
only studies conducted in the United States, Canada, Australia, New
Zealand, and European countries categorised as “very high” on the
United Nations Human Development Index® to identify those most
clinically applicable to women in the United States. In addition, the
updated review concerns potential consequences of short rather than
long interpregnancy intervals because they are more amenable to pre-
vention, for example through the provision of contraceptive services.

Of 22 studies included in the 2007 review, 12 were conducted
in study populations from the United States and other high-resource

11-22

countries, and only 6 of these examined interpregnancy inter-

vals as opposed to interbirth intervals.1217:18:20-22

2.1 | Literature search

Using the same search terms as the previous review, we conducted
electronic searches of PubMed/Medline, POPLINE, EMBASE,
CINAHL, and the Cochrane Database of Systematic Reviews for rel-
evant articles published between 1 January 2006 and 1 May 2017.
In addition to search terms for specific outcomes, we also included
general terms like “obstetric outcome” and “maternal morbidity.”
After our initial search, we ran a targeted search covering the same
2006-2017 search period for maternal health outcomes not included
in the original search but identified through initial search findings
(uterine rupture, placental abruption, placenta previa), similar to the
strategy used in the 2007 review. Specific search terms and publica-
tion date ranges are listed in Table S1. Investigators also conducted

manual searches of reference lists of key papers.

2.2 | Inclusion/exclusion criteria

Inclusion criteria for studies were developed a priori using the
PICOTS framework and independently applied to the search results
by two study authors (KA and JH) (Table S2). Studies from the 2007
review meeting new, more restrictive inclusion criteria were also in-

cluded. Included studies met the following criteria:

1. The study population consisted of women of reproductive age
with at least one livebirth who become pregnant again. Women
whose last delivery was a stillbirth were also included as long

as they comprised <5% of the study population.
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2. The study measured the interpregnancy interval—the time be-
tween one birth and the start of the subsequent pregnancy—
rather than other types of intervals (eg, post-pregnancy loss
interpregnancy intervals, post-abortion interpregnancy intervals,
and interbirth intervals). This definition was imposed because
there are separate considerations and recommendations for inter-
pregnancy interval following pregnancy losses.?® Also, birth in-
tervals are the sum of the interpregnancy interval and the duration
of the subsequent pregnancy; therefore, adverse pregnancy out-
comes associated with shorter pregnancy duration, such as preec-
lampsia, will have systematically shorter interbirth intervals than
women without these outcomes. This systematic difference cre-
ates the potential for bias due to reverse causation (ie, a short in-
terbirth interval was the result of, rather than the cause of, an
adverse outcome).

3. The study compared a short interpregnancy interval, defined as
any interval shorter than 24 months, to a longer interpregnancy
interval, and the comparison interval had clearly defined lower
and upper boundaries specified (ie, “18-23 months” rather than
“>18 months”). A clearly defined upper boundary was required
because of the reverse J-shaped relationship between interpreg-
nancy interval and many adverse health outcomes.??* So refer-
ence categories without an upper boundary are likely to represent
a heterogeneous risk group. For similar reasons, studies that mod-
elled interpregnancy interval assuming a continuous, linear asso-
ciation with adverse outcomes were also excluded.

4. The study adjusted for at least maternal age and had a sample size
of at least 100 women.

5. The study was designed as a randomised controlled trial, or co-
hort, cross-sectional, or case-control study.

6. Included studies were available as full-text English-language pub-
lications and presented the relevant findings and estimates of

precision numerically.

2.3 | Data abstraction, study quality assessment,
data synthesis

A structured Excel-based abstraction form was developed for data
abstraction (available on request). Two authors independently ab-
stracted relevant data from full-text articles of included studies; dis-
crepancies were resolved through consensus. Data included study
design, source, setting, numbers and characteristics of participants,
interpregnancy intervals, comparisons, adjustment for confounders,
maternal outcomes, and results.

Included studies were assessed for quality using criteria out-
lined by the US Preventive Services Task Force for internal and ex-
ternal validity and rated as good, fair, or poor.2>2¢ Two reviewers
independently assessed quality, and discrepancies were resolved
through consensus. Internal validity was determined by consider-
ing sources of potential information bias (misclassification), con-
founding, and selection bias. External validity was assessed by
comparing the study population to either the general obstetric

population in the United States or, for studies of women with
specific obstetric history, a population with similar history in the
United States.

Findings of the systematic review were not combined quantita-
tively through meta-analysis due to the small number and heteroge-
neity of studies. Although our protocol originally specified that only
studies determined to be of good or fair internal validity would be
included in the review, we included all studies irrespective of quality

given the low number of articles that met inclusion criteria.

3 | RESULTS

The literature search identified 490 unique references, of which
445 were excluded, most commonly because the studies were con-
ducted outside the United States or high-resource settings or did not
address the research question. A total of 45 articles were identified
for full-text review, of which six studies met eligibility criteria in ad-
dition to one study from the 2007 review. A literature flow diagram
is shown in Figure 1.

The seven included studies, all cohort studies, are described in

Table 1. Studies examined labour abnormalities (three studies), 82728

) 29,30 ) 30
i ,

obesity (two studies gestational diabetes (one study pre-

), placental abruption (one study),! and uter-

eclampsia (one study
ine rupture among women attempting vaginal birth after caesarean
(one study).32 Most studies examined more than one maternal health
outcome, and no studies reported outcomes related to maternal de-
pression, interpregnancy weight gain, maternal anaemia, or maternal
mortality. A summary of evidence for included studies is provided

in Table 2.

3.1 | Study quality

The internal validity of the studies was mixed, with two of the seven
studies rated as having good internal validity,?®C three fair,'¢2%3!
and two poor.?”%2 The two good-quality studies were based on
quality-controlled population perinatal databases—the Swedish
Medical Birth Register?® and the British Columbia Perinatal Database
Registry.30 The latter study also used a sibling comparison design of
women with two or more interpregnancy intervals (ie, three or more
pregnancies) to better account for confounding by factors that gen-
erally remain constant across a woman'’s pregnancies, such as ethnic-
ity, education, and socio-economic position.

The potential for measurement errors of interpregnancy inter-
vals or maternal outcomes was a common limitation. For example,
use of self-reported heights and weights to evaluate the onset of
obesity is known to introduce error®® (contributing to a “fair” rating),
while use of the variable for “precipitous labour” from the US birth
certificate has low sensitivity compared with medical record data,
which lead to its removal from the national file in 201442 (contrib-
uting to a “poor” rating).

18,27,29,32

Four studies met criteria for good external validity, one

fair,?® and two poor.2%3! Use of population-based records, including
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placental abruption, and placenta previa.

FIGURE 1 Literature flow diagram of the systematic review process for identifying relevant studies on short interpregnancy intervals

and adverse maternal health outcomes

birth certificate records and population perinatal registries, supported
the highest ratings. A sibling comparison matched analysis was ranked
as “poor” because, by virtue of the matched design, the analysis was
restricted to women who not only had three or more pregnancies, but
also experienced discordant pregnancy outcomes.*° Given the rela-
tively low incidence of maternal pregnancy complications in the gen-
eral population, such as gestational diabetes and preeclampsia, the
effective study cohort represented only a very small fraction of the
target population. External validity was also downgraded in a study
that examined the association between first- and second-trimester
screening markers during pregnancy and risk of placental abruption
in California.3“%¢ In this study, generalisability was limited because

30% of women in California do not undergo prenatal screening, and

screening uptake differs by factors that are also linked with short in-

terpregnancy interval, such as socio-economic status.”%8

3.2 | General obstetric population studies

3.2.1 | Obesity

A good-quality sibling comparison matched analysis evaluated the
relationship between interpregnancy interval and maternal obe-
sity at the beginning of the subsequent pregnancy among 38 178
women in British Columbia, Canada, between 2000 and 2015.%° This
study used each woman as her own control to isolate the effects of

interpregnancy interval from other time-invariant factors, such as
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TABLE 1 Characteristics and quality of included studies

Interpregnancy
intervals
Author year Location Data source Study Population (N) Study design (months) Outcome
Appareddy Tennessee, USA Birth certificate data Women with a previous livebirth, <6 Precipitous labour (n = not stated and cannot
etal” 2016 matched with infant who gave birth during 2012-2014 6-12 be calculated from data provided)
mortality data and had IPI <5y (N = 101912) 12-18
Cohort study 18-260°
Blumenfeld California, USA California Prenatal Singleton pregnancies undergoing <6 Placental abruption (n = 1017; 0.7%)
etal’t 2014 Screening Program data first- and second-trimester 6-23
linked to livebirth and screening, with expected dates of 24-59°
hospital discharge records delivery during 2009-2010, with >60
in birth cohort database chromosomal abnormalities and
other causes of vaginal bleeding
excluded (N = 137 915)
Cohort study
Davis et al?’ National sample National Longitudinal Youth aged 14-21in 1979, <12 Obesity (n = not stated in text, but cumulative
2014 USA Survey of Youth survey restricted to women non-obese 12-18 incidence is approximately 23%)
and never pregnant as of 1981 and >18°
followed on average for 8.3y
(N =3422)
Cohort study
Hanley et al®® British Columbia, Database of abstracted Women with at least three 0-5 Gestational diabetes (5.8% at second
2017 Canada obstetric and neonatal singleton deliveries between 1 6-11 pregnancy; 8.5% at third pregnancy); obese at
medical charts, British April 2000 and 21 March 2015 12-17 beginning of pregnancy (14.2% at second
Columbia Perinatal Data delivered at 20-44 wk’ gestation 18-23°? pregnancy; 17.0% at third pregnancy);
Registry, with maternally (N = 38 178 women; 24-59 preeclampsia (2.1% at second pregnancy, 2.9%
linked deliveries N = 76, 356 s and third deliveries) >60 at third pregnancy)
Cohort study
Sandstrom et al?® Sweden Swedish Medical Birth Women with first and second <12 Labour dystocia (n = 12 599; 5.3%)
2012 Register linked to Education  consecutive singleton full-term 12-47%
Register and Register of livebirths with cephalic 48-83
Total Population, with presentation and spontaneous 284
maternal-linked deliveries onset of labour during 1992 and
2006 (N =239 953)
Cohort study
Stamilio et al®? North-eastern Abstracted data from Pregnant women with at least one 0-5 Uterine rupture (n = 128; 0.9%)
2007 states, USA medical records of prior caesarean delivery who 6-11
deliveries at 17 hospitals in attempted vaginal birth after 12-17
the north-eastern United caesarean between 1995 and 2000 18-59%
States (N=13331) >60
Cohort study
Zhu et al'® 2006 Michigan, USA Birth certificate data linked Singleton births to multiparae 0-23° Labour dystocia (n = 92 020 calculated; 14.2%)
to hospital discharge data Cohort study 24-47
for births between 1994 48-71
and 2002, with deliveries 72-95
linked maternally 96-119
2120

AFP, alpha fetoprotein; BMI, body mass index; ICD, International Classification of Disease; INH, dimeric inhibin-A; PAPP-P, pregnancy-associated plasma
protein A; TOLAGC, trial of labour after cesarean; uE3, unconjugated estriol; VBAC, vaginal birth after cesarean; WIC, Special Supplemental Nutrition

Program for women, infants, and children.
“Reference group.

hypertension, smoking during pregnancy, and history of perinatal
death.
Results indicated interpregnancy intervals of <6 and 6-11 months

ethnicity or family history, that remain constant between a woman'’s
pregnancies. By design, the study was restricted to women with three
or more pregnancies that resulted in deliveries. Models additionally

were adjusted for age at time of each delivery, delivery year, diabetes, were associated with increased risks of obesity compared with
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Covariates in adjusted analysis

Maternal age, marital status, educational
level, race, household income, pre-
pregnancy BMI, number of previous
pregnancies, timing of entry into prenatal
care, and maternal smoking

Maternal age, BMI, pre-existing
hypertension, preeclampsia severity,
previous preterm birth, first- and
second-trimester PAPP-A, AFP, uE3, and
INH

Adjusted for baseline BMI, baseline age,
time-dependent marital status, race/
ethnicity, time-dependent and baseline
urban/rural, mother’s education, and
time-dependent and baseline poverty
status

Unmatched analysis: age at time of each
delivery, delivery year, any diabetes (except
for gestational diabetes model), any high
blood pressure diagnosis (except for
preeclampsia model), smoking during
pregnancy, and history of perinatal death
Maternally matched analysis: included
covariates used in unmatched analysis, plus
additionally controlled for maternal
characteristics that did not change between
deliveries

Dystocia, mode of delivery, and birthweight
in first birth; education as of 2005; country
of birth; and second birth maternal age,
early pregnancy BMI, maternal height,
cohabitation with partner, gestational age,
year of birth, and early pregnancy cigarette
smoking

Number of previous caesarean birth (one vs
two plus); previous vaginal delivery; race;
index delivery gestational age, hospital
type, anaemia, smoking, maternal age,
parity, health insurance status, and labour
type (spontaneous/induced/augmented)

Second delivery maternal age, marital
status, education, gravidity, previous
pregnancy outcome (livebirth vs
termination/loss), weight gain during
pregnancy, prenatal care utilisation,
smoking during pregnancy, previous
caesarean delivery, and infant birthweight

Subgroup/Stratified analyses

WIC use during pregnancy vs no WIC use
during pregnancy

Abruption without hypertensive disorder vs
abruption with hypertensive disorder

None

None

None

Immediate previous delivery mode caesarean
vs vaginal

Functional, mechanical, and respective
subtypes; overall labour dystocia outcome
stratified by many pregnancy and maternal
characteristics

intervals of 18-23 months (adjusted odds ratio [aOR] = 1.61; 95%
Cl, 1.05-2.45 and aOR =1.43; 95% ClI, 1.10-1.87, respectively)
(Figure 2). For comparative purposes, the study also presented

findings from between-women unmatched analyses that were

o T WiLEY -

Quality ratings

Poor internal validity

Strengths: large, population-based sample

Weaknesses: potential for outcome misclassification due to lack of standardised
definition for precipitous labour; variable was subsequently removed from national
birth certificates due to low validity. Birth certificate information on lifestyle and
socio-economic position is limited, creating the potential for residual confounding
Good external validity: study population based on all vital statistics records from
Tennessee

Fair internal validity

Strengths: large sample size, outcome and covariates ascertained using both vital
records and hospital discharge records

Weaknesses: potential for measurement error of up to 1 mo in interpregnancy
interval measurement due to lack of data on day of last livebirth; birth certificate
information on lifestyle and socio-economic position is limited, creating the
potential for residual confounding

Poor external validity: study population limited to women who presented in the first
trimester and opted for prenatal genetic screening. This population is likely not
representative with respect to pregnancy intention and interpregnancy interval
planning but represents women who opt against screening or present for care after
10-13 wk

Fair internal validity

Strengths: prospectively collected data, uniform data collection techniques
Weaknesses: outcome of obesity based on self-reported heights and weights;
time-to-obesity analyses based on a time zero of the baseline visit of 1981,
irrespective of time of first pregnancy

Good external validity: National Longitudinal Survey of Youth 79 is nationally
representative based on multi-stage stratified area probability sampling

Good internal validity for matched analysis; poor for unmatched

Strengths: large, population-based sample; quality-controlled database based on
abstracted medical records information

Weaknesses: unmatched analyses do not control for any measures of socio-
economic status, creating the potential for residual confounding; adjustment for
maternal age at pregnancy following IPI an over-adjustment

Good external validity for unmatched analysis; poor for matched: from the Canadian
province of British Columbia; analyses restricted to women with 3 or more births,
but applicable to all women with 2 or more births. Matched analyses are restricted
to women with discordant adverse outcomes, which is only a small subset of the
target population

Good internal validity

Strengths: large, population-based sample; quality-controlled database derived
from medical records

Weaknesses: control for maternal age at second pregnancy over-adjustment

Fair external validity: conducted in Sweden, where labour management differs from
the United States as evidenced by lower caesarean delivery rate and higher TOLAC
rate. Women with induced labour were excluded

Poor internal validity

Strengths: large, multi-hospital cohort study; uterine rupture outcome based on
clear case definition abstracted from medical record

Weaknesses: interpregnancy interval calculated with only year, not date, of prior
pregnancy, introducing considerable measurement error

Good external validity: restricted to women attempting VBAC; hospital sites
included a mix of teaching, non-teaching, and community hospitals

Fair internal validity

Strengths: large sample size, outcome and covariates ascertained using both vital
records and hospital discharge records

Weaknesses: accuracy of ICD codes to capture labour dystocia unknown,
particularly within subtypes of dystocia; potential confounders such as pre-
pregnancy BMI not included; adjustment for maternal age at second pregnancy may
be an over-adjustment

Good external validity: Based on all vital statistics records from Michigan

restricted to women with three or more pregnancies (Table S3).
However, these analyses lacked adjustment for important con-
founders, such as socio-economic status, and are likely prone to
bias.
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Interpregnancy interval and time to obesity were also estimated
in a fair-quality prospective cohort study of women enrolled in the
National Longitudinal Survey of Youth.?? The cohort included 3422
women aged 14-21 years in 1979 who were not obese and had
never been pregnant as of 1981. Women were followed for an aver-
age 8.3 years or until they first became obese (cumulative incidence
23%). After adjusting for time-varying and baseline demographics,
point estimates suggested increased obesity in women with two
births separated by an interpregnancy interval <12 months com-
pared to women with births separated by 12-18 months, although
differences were not statistically significant (adjusted hazard ratio
[aHR] = 1.94; 95% Cl, 0.85-4.45).

3.2.2 | Gestational diabetes

The association between interpregnancy interval and gestational
diabetes was evaluated in the same Canadian sibling compari-
son matched analysis.’° Results indicated increased risks for in-
terpregnancy intervals <6 months compared with 18-23 months
(aOR =1.35; 95% Cl, 1.02-1.80), but not for other interpregnancy

intervals (Figure 2).

3.2.3 | Preeclampsia

The same Canadian sibling comparison matched analysis evaluated
the association between interpregnancy interval and preeclampsia.*°
In this study, an interpregnancy interval of 6-11 months reduced risk
of preeclampsia compared with 18-23 months (aOR = 0.71; 95% ClI,
0.54-0.94), while intervals 260 months increased risk (aOR = 1.39;
95% Cl, 0.97-2.00).

3.2.4 | Labour dystocia

Dystocia in second labour was evaluated in a large, good-quality
cohort Swedish study of women with first and second full-term
births with cephalic presentation and spontaneous onset of labour
during 1992 and 2006.%8 After adjustment for a comprehensive
set of confounders, estimates indicated that interpregnancy in-
tervals <12 months were associated with lower odds of dystocia
compared with 12-43 months (aOR =0.91; 95% Cl, 0.85-0.97)
(Figure 3).

The association between interpregnancy interval and labour
dystocia was also evaluated in a fair-quality cohort study of 648 025
singleton births to multiparae delivering in Michigan between 1994
and 2002.%8 In adjusted analyses, length of interpregnancy interval
was inversely related to labour dystocia in a dose-response fash-
ion, with intervals <24 months showing the lowest odds of dystocia
compared with 24-47 months (aOR = 0.94; 95% Cl, 0.93-0.96) and
2120 months (aOR = 0.66; 95% Cl, 0.64-0.68). Note that published
estimates in the original publication have been inverted for the pur-
pose of this systematic review. When analysed by labour dystocia
subtype, length of interpregnancy interval was inversely associated
with both functional dystocia and mechanical dystocia.

3.2.5 | Precipitous labour

A poor-quality study based on vital statistics records evaluated inter-
pregnancy intervals and precipitous labour among 101 192 multiparaein
Tennessee from 2012 to 2014.% Odds of precipitous labour were higher
for women with an interval <18 months compared with 18 to 60 months
(@OR <6 months = 1.30; 95% Cl, 1.11-1.51; aOR 6-12 months = 1.19;
95% Cl, 1.04-1.36; aOR 12-18 months = 1.25; 95% Cl, 1.10-1.41).

3.2.6 | Placental abruption

A fair-quality study of California’s Prenatal Screening Program as-
sessed interpregnancy intervals and placental abruption among
137 915 singleton pregnancies undergoing first- and second-
trimester screening during 2009-2010.% In this study, an inter-
pregnancy interval of <6 months compared with 24-59 months was
associated with increased placental abruption overall (aOR = 1.9;
95% Cl, 1.3-3.0) and among a subset of pregnancies without hyper-
tensive disorders (aOR = 2.0; 95% Cl, 1.3-3.1). Interpregnancy in-
terval was not associated with placental abruption among a subset

of pregnancies with hypertensive disorders (estimate not reported).

3.3 | Special obstetric population studies

3.3.1 | Uterine rupture among women attempting
vaginal birth after caesarean delivery

Uterine rupture was evaluated in a cohort of 13 331 pregnant women
attempting vaginal birth after caesarean delivery presenting for deliv-
ery in 17 hospitals in the north-eastern United States between 1995
and 2000.%2 Results indicated an interpregnancy interval of <6 months
compared with 18-59 months was associated with uterine rupture
(aOR = 3.05; 95% Cl, 1.36-6.87) after adjustment for pregnancy history,
demographic factors, and second delivery pregnancy characteristics.
An interpregnancy interval of <6 months was also associated with in-
creased blood transfusions (aOR = 3.55; 95% Cl, 1.56-8.10) and a com-
posite measure of other delivery complications including bladder, ureter,
or bowel injury and uterine artery laceration (aOR = 1.92; 95% Cl, 1.01-
3.62). An unadjusted stratified analysis found that an interpregnancy
interval of <6 months compared with 26 months among women whose
last delivery was a caesarean birth was associated with increased risk of
uterine rupture and other complications of delivery (bladder, ureter, or
bowel injury; and uterine artery laceration) (OR = 5.1; 95% Cl, 2.4-10.8).
In contrast, there was no increased risk associated with interpregnancy
interval <6 months compared with 26 months among women whose
last delivery was a vaginal birth (OR = 0.8; 95% Cl, 0.1-6.0). However,
the test for homogeneity was not statistically significant (P = 0.07).

4 | DISCUSSION

This systematic review identified seven studies describing the as-

sociations between short interpregnancy intervals and adverse
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FIGURE 2 Adjusted odds ratios (white circle) with 95%
confidence intervals for preeclampsia, gestational diabetes mellitus,
and obesity by interpregnancy interval as reported in Hanley3°
(within-woman matched analyses) and Davis.?? See Table 1 for
adjustment variables in each study. Reference categories are
indicated with a black circle

maternal health outcomes among women in the United States and
similar high-resource settings. Most outcomes were evaluated in
single studies, and the strength of evidence supporting associations
is low (Table 2). Available studies indicate that short interpregnancy
intervals may be associated with increased risks of subsequent
obesity, gestational diabetes, precipitous labour, and placental
abruption, and decreased risks of preeclampsia and labour dysto-
cia. Among women with a previous caesarean delivery, an interval
<6 months was associated with increased risks of uterine rupture,
blood transfusions, and other delivery complications. No studies
reported outcomes related to maternal depression, interpregnancy

weight gain, maternal anaemia, or maternal mortality.
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FIGURE 3 Adjusted odds ratios (white circle) with 95%
confidence intervals for labour abnormalities by interpregnancy
interval as reported in Sandstrém,?® Zhu,'® and Appareddy.?’
See Table 1 for adjustment variables in each study. Reference

categories are indicated with a black circle
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FIGURE 4 Adjusted odds ratios (white circle) with 95%
confidence intervals for maternal morbidities by interpregnancy
interval as reported in Blumenfeld® and Stamilio.®? See Table 1
for adjustment variables in each study. Reference categories are
indicated with a black circle

The evidence base for maternal outcomes is small compared with
that examining short interpregnancy interval and adverse perinatal
outcomes.” A systematic review reported separately in this journal
supplement identified a total of 32 studies examining the conse-
quences of short interpregnancy interval on preterm birth, small-
for-gestational-age birth, perinatal mortality, and other adverse
outcomes in high-resource settings. Although the quality of many of
these studies was limited due to concerns of confounding by socio-
economic position, prior perinatal death, and pregnancy intention, a
consistent association between short interpregnancy intervals, par-
ticularly <12 months, was observed.

It remains controversial whether the link between short inter-
pregnancy interval and adverse health outcomes is causal or con-
founded by differences in the health characteristics and behaviours
of women with short vs longer intervals, such as socio-economic
status.3>*° Much of this debate has focused on perinatal outcomes
such as preterm birth. For several of the maternal health outcomes
identified in our review, however, there is a clear biological path-
way through which interpregnancy interval could exert a causal ef-
fect and the argument for residual confounding is less compelling.
For example, a longitudinal study of maternal postpartum weight
in US women suggests that most women continue to lose weight
up to 1 year after delivery, before reaching a plateau from 12 to
24 months.*! It is therefore highly plausible that women who be-
come pregnant within 12 months after delivery will have a higher
weight at the start of the subsequent pregnancy. This, in turn, would
increase risk of obesity and potentially gestational diabetes in the
subsequent pregnancy. Likewise, studies of caesarean wound heal-
ing suggest that repair of uterine smooth muscle tissue occurs over
the course of several months post-surgery, with radiologic findings
suggesting that 6 months is needed for full scar tissue and anatomi-

cal recovery.42 This supports the finding that risk of uterine rupture
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is increased in women with an interpregnancy interval <6 months
following caesarean delivery. As a result, maternal outcomes may
present a more compelling case that modifying interpregnancy in-
terval length will causally affect health outcomes.

Our review identified a number of studies that presented data
on birth spacing and adverse maternal outcomes, but did not
meet our inclusion criteria because of methodological concerns
that limited their interpretability for informing development of
recommendations on birth spacing for the United States. Several
studies examined interbirth interval (rather than interpregnancy in-

4353 presented crude results only (no adjustment for mater-

) 22,43,49,52,54,55
’

terval),
nal age or did not account for a potential non-linear
relationship between interpregnancy interval and health outcome
by either assuming that interpregnancy interval had a linear associ-
ation with risks of adverse outcomes or using a reference category
with no upper bound,20:2246:47.56-58 Nevertheless, the conclusions
of the excluded studies are consistent with our findings that short
interpregnancy interval is associated with increased risk of uterine

rupture among women with prior caesarean birth*¢#7:4?

17,52

and placen-
tal abruption, as well as decreased risk of preeclampsia or other
hypertensive disorders of pregnancy.12'21'5°'51'59"(’0 However, in con-
trast to the studies in our review, several excluded studies suggested
that risks of obesity and gestational diabetes may actually increase
with longer (not shorter) interpregnancy interval. *3445456 |n addi-
tion, both short and long interpregnancy intervals were linked with
increased risk of placenta previa,®® while women with placenta ac-
creta had a shorter average interpregnancy interval than controls.?°
Limitations of studies specific to each key question are briefly
described in Tables 1 and 2. Our review applied more stringent in-
clusion/exclusion criteria than previous systematic reviews in this
field. 34143 Although this led to the exclusion of a number of poten-
tially relevant studies, this ensured that our review consisted of more
methodologically robust studies whose findings are most directly
applicable to inform guidelines for US women. The small number of
studies identified meeting our review criteria also highlights the need
for research to fill these gaps. Greater research on these outcomes
would also enable the potential for publication bias to be better as-
sessed. Finally, by focusing on studies of interpregnancy interval, we
did not identify studies examining more directly modifiable changes
after birth such as contraception use and return to sexual activity
that, combined, can determine a woman'’s interpregnancy interval.
These factors, rather than interpregnancy interval itself, may be
more directly relevant for informing family planning guidelines.®*
Policy-makers and professional medical organisations cur-
rently have access to a large body of research examining the con-
sequences of a short interpregnancy interval for perinatal and
newborn health, but recommendations on postpartum counselling
and contraception access should be equally informed by the con-
sequences of a short interval for maternal health. This systematic
review provided some evidence that short interpregnancy interval
increases the risks of some adverse maternal outcomes (such as
obesity in pregnancy), while protecting against others (such as pre-
eclampsia). However, our review highlights the sparseness of the

. - 057
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evidence based on the consequences of short interpregnancy in-
terval for maternal health in high- resource settings, and the need
for further research in this area. The findings that short intervals
may increase risk of gestational diabetes and obesity warrant par-
ticular investigation given the links between these outcomes and
longer term maternal cardiometabolic health. Evidence on out-
comes for which no eligible studies were found, such as maternal

depression, is also critical.
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